IMPORTANCE Infarction patterns may serve as important imaging markers to assess the probability of stroke recurrence in transient ischemic attack (TIA) and minor stroke. However, it is unclear whether patients with different infarction patterns benefit differently from dual antiplatelet therapy.
T ransient ischemic attack (TIA) and minor ischemic stroke are the most common manifestations of acute cerebrovascular disease. 1 Previous studies demonstrated that patients with TIA or minor stroke have a high risk of stroke recurrence especially in the early period after stroke. [2] [3] [4] [5] A recent study from a worldwide registry of TIA and minor stroke indicated a more rapid reduction of stroke recurrence than previously reported owing to the implementation of standardized secondary stroke prevention strategies. This study also showed that patients with multiple acute infarctions (MAIs) have higher risk of stroke recurrence than those with single acute infarction (SAI) or no acute infarction (NAI) in TIA and minor ischemic stroke, implying that the acute infarction patterns identified using magnetic resonance imaging (MRI) may be used to stratify the risk of recurrent stroke. 6 Stroke with different infarction patterns has very different pathogenetic origins. Multiple acute infarctions from embolism are common in patients with acute ischemic stroke. [7] [8] [9] Artery-to-artery embolism, cardioembolism, and embolism from other undetermined sources are often the causes of MAIs.
10 Single acute infarction characterized as lacunar infarction is usually caused by a single subcortical infarction from a small-vessel occlusion with underlying vascular changes, such as lipohyalinosis or fibrinoid necrosis of small perforating arteries, [11] [12] [13] [14] and SAI characterized as nonlacunar infarction is usually caused by cardiac embolism, artery-to-artery embolism, or embolism from other undetermined sources.
11,12
The Clopidogrel in High-Risk Patients With Acute Nondisabling Cerebrovascular Events (CHANCE) randomized clinical trial has demonstrated the superiority of clopidogrel and aspirin combination over aspirin alone in reducing the risk of recurrent stroke in the first 3 months after noncardioembolic TIA and minor stroke, without increasing hemorrhagic risk. 15, 16 In addition, there is evidence suggesting that dual antiplatelet therapy with clopidogrel plus aspirin is more effective than aspirin alone in reducing artery-to-artery microemboli in patients with TIA and ischemic stroke, 17, 18 and dual antiplatelet therapy may not be effective in patients with lacunar stroke characterized as an SAI. [19] [20] [21] This evidence suggests that the efficacy of dual antiplatelet therapy may be different for stroke with distinct pathogenetic types. In this prespecified imaging substudy of the CHANCE trial, we examine whether infarction patterns can be used to stratify the risk of recurrent stroke within 3 months of a TIA or minor ischemic stroke. We also evaluate the efficacy and safety of clopidogrel plus aspirin vs aspirin alone in TIA or minor stroke with different infarction patterns (NAI, SAI, and MAIs).
Methods

Overview of the CHANCE Trial
The detailed design and methods of the CHANCE trial have been previously described. 15, 16 Briefly, CHANCE was a randomized, double-blind, placebo-controlled clinical trial conducted at 114 clinical centers in China from October 1, 2009 , to July 30, 2012 , within 24 hours of noncardioembolic minor ischemic stroke or high-risk TIA onset. A total of 5170 patients were randomly assigned to either the clopidogrel plus aspirin (clopidogrel at an initial dose of 300 mg, followed by 75 mg/d for 90 days, plus aspirin at 75 mg/d for the first 21 days) the placebo plus aspirin (75 mg/d for 90 days). The trial was approved by the ethics committee of Beijing Tiantan Hospital. Written informed consent was obtained from all participants or their legal proxies.
Overview of the Imaging Substudy of the CHANCE Trial
This imaging study was a prespecified substudy of the CHANCE trial. 22, 23 Patients from 45 of 114 sites (39%) of the CHANCE trial were prospectively recruited into the imaging substudy from October 1, 2009, to July 30, 2012. All patients in this substudy were asked to complete the MRI examinations (3.0 or 1.5 T) during hospitalization. Patients with the following MRI sequences were included in the current analysis: T1-weighted imaging, T2-weighted imaging, diffusion-weighted imaging (DWI), and 3-dimensional time-of-flight magnetic resonance angiography. Those without a baseline MRI examination or any of the these sequences were excluded.
Image Analysis and Interpretation
Magnetic resonance images were collected from individual centers in digital format and reviewed centrally by 2 readers (J.J. and X.Z.) blinded to the patients' baseline and outcome information. Patients were grouped into 3 categories according to the infarction patterns (NAI, SAI, and MAIs) ( Figure 1 ). Acute infarctions were diagnosed with hyperintense lesions on DWI and classified as MAIs or SAI according to infarction number. 6 Uninterrupted lesions visible in contiguous territories were considered SAI, and more than 1 lesion topographically distinct (separated in space or discrete on contiguous slices) was defined as MAIs, according to previous DWI studies. 6, 9 Any disagreements were resolved by a third reader (L.L.). The overall interrater agreement for the infarction patterns classification has a κ value of 0.87 (95% CI, 0.85-0.91). Single acute infarctions were further classified as lacunar infarctions (subcortical lesion with diameter ≤ 15 mm) and nonlacunar infarctions. Multiple acute infarctions were further classified as infarctions in 1 vascular territory and infarctions in more than 1 vascular territory. 
Etiology Classification
Efficacy and Safety Outcomes
The efficacy and safety outcomes in this analysis were similar with those of the CHANCE trial. The primary efficacy outcome was stroke recurrence (ischemic or hemorrhagic) at We also explored the efficacy and safety outcomes at 12 months.
Statistical Analysis
Baseline patient characteristics were compared among those with NAI, SAI, or MAIs on brain imaging. We used χ 2 test for categorical variables; 1-way analysis of variance or KruskalWallis test were adopted for continuous variables. We used multivariable Cox proportional hazards regression to examine the infarction pattern × treatment interaction effect. If the interaction term was significant, then the treatment was evaluated for the efficacy safety outcomes in patients with different infarction patterns. Confounding factors were selected if there were statistical differences by univariate analysis at baseline (including demographics, medical history, time to randomization, medications, and TOAST classification). Cumulative event curves were constructed for the primary outcome and selected secondary outcomes by the Kaplan-Meier method. All tests were 2-sided, and P < .05 was considered statistically significant. All statistical analyses were performed with SAS statistical software, version 9.4 (SAS Institute Inc).
Results
Patient Demographics and Baseline Characteristics
From October 1, 2009, to July 30, 2012, a total of 5170 patients with acute minor stroke and high-risk TIA were recruited to the CHANCE trial. Among them, 1342 patients from 45 sites were included in the imaging substudy. After excluding 137 patients without T1-weighted imaging, 4 patients without T2-weighted imaging, 23 patients without DWI, and 89 patients without 3-dimensional time-of-flight magnetic resonance angiography, 1089 patients (81.1%) remained with all the required sequences and were included in the current analysis. Compared with patients without MRI examinations, the patients included in this analysis were slightly older and more likely to have lower body mass index, longer time to randomization, reduced ischemic stroke history, and more cases with minor stroke as a qualifying event (eTable 1 in the Supplement). Among the 1089 patients, the mean (SD) age was 63.1 (10.7) years and 731 patients (65%) were men. A total of 281 patients (25.8%) had MAIs, 553 patients (50.8%) had SAI, and 255 patients (23.4%) had NAI on DWI. Table 1 shows the demographic and clinical characteristics of patients with different infarction patterns. Patients with MAIs were older, more likely to be smokers, more likely categorized as having LAA, and more likely to have a history of myocardial infarction and/or congestive heart failure. Patients with SAI had a higher National Institutes of Health Stroke Scale score and longer time to randomization. Patients with NAI were more likely to have a history of TIA and/or angina. The 2 treatment groups were well balanced according to their baseline patient characteristics (eTable 2 in the Supplement). The demographic and clinical characteristics of patients with different treatments over various infarction patterns are shown in Table 2 . Both TIA and minor stroke were also classified according to TOAST classification. For 24-hour TIA definition, there were 86 patients (32.5%) with TIA and positive DWI lesions, including 46 patients with SAI and 40 patients with MAIs (eTable 3 in the Supplement).
Efficacy Outcomes
Overall, the rate of recurrent stroke was 8.5% (93 patients) at 3 months in this study population. The risk of recurrent stroke was 14.2%, 8.7%, and 2.0% in patients with MAIs, SAI, and NAI, respectively, at 3-month follow-up. Patients with MAIs (hazard ratio [HR], 5.8; 95% CI, 2.2-15.1; P < .001) and SAI (HR, 3.9; 95% CI, 1.5-10.5; P = .007) were independently associated with stroke recurrence compared with NAI. This effect remained even after adjustment for potential confounding factors, which showed statistical differences among groups of infarction patterns by univariate analysis, regardless of treatment (P < .01). Figure 2A shows Kaplan-Meier curves describing the time to event for the primary efficacy outcome according to different infarction patterns. The same results were observed at the 12-month follow-up. When compared with patients with SAI, patients with MAIs had higher stroke recurrence at 3 months (HR, 1.7; 95% CI, 1.1-2.6; P = .02) without adjustment. However, there was no statistical difference between MAIs and SAI at 3 months after adjustment (HR, 1.4; 95% CI, 0.9-2.3; P = .13). Stroke recurrence at 3-month follow-up among NAI and different infarction patterns of SAI and MAIs are shown in eTable 4 in the Supplement.
Kaplan-Meier curves in Figure 2B through D show the time to event for the primary efficacy outcome in different infarction patterns of patients with TIA or minor stroke. Stroke was recurrent in 15 (10.1%) and 25 (18.8%) of patients with MAI administered clopidogrel plus aspirin and aspirin alone, respectively (HR, 0.5; 95% CI, 0.3-0.96; P = .04). A significant difference remained even after adjustment for potential confounding factors (age, current or previous smoking, National Institutes of Health Stroke Scale score, a history of TIA, a history of myocardial infarction, a history of congestive heart failure, time to randomization, TOAST classification, and lipid-lowering treatment). Confounding factors were selected when there were statistical differences among groups of infarction patterns or among different treat-ments in different infarction patterns by univariate analysis. Among the 553 patients with SAI, stroke recurrence rates were 8.9% (24 patients) and 8.5% (24 patients) in patients receiving clopidogrel plus aspirin and aspirin alone, respectively (HR, 1.1; 95% CI, 0.6-2.0; P = .71). Among the 255 patients with NAI, stroke recurrence rates were 2.6% (3 patients) and 1.4% (2 patients) for patients receiving clopidogrel plus aspirin and aspirin alone, respectively (HR, 1.7; 95% CI, 0.3-11.1; P = .56). There was a significant interaction effect with treatment × infarction patterns (P = .04). The same finding was obtained for secondary efficacy outcomes (ischemic stroke, hemorrhagic stroke, myocardial infarction, or vascular death) ( Table 3 ). The same results were observed within the 12-month follow-up as well (eTable 5 in the Supplement). We did not observed a significant infarction number × with or without LAA × treatment interaction effect (P = .41), although our data suggest that dual antiplatelet therapy may be more efficacious mainly in patients with MAI and LAA (eTable 6 in the Supplement).
Safety Outcomes
There were 2 moderate to severe bleeding cases (0.2%) in this substudy at the 3-month follow-up, including 1 patient with NAI in the placebo plus aspirin group and 1 patient with MAIs in the placebo plus aspirin group. There was no intracerebral hemorrhage in any of the groups. No increased moderate to severe bleeding risk was observed in the clopidogrel plus aspirin group compared with patients who were administered aspirin alone. A total of 23 patients (2.1%) showed any level of bleeding after 3 months, including 5, 11, and 7 patients with NAI, SAI, and MAIs, respectively. The same results were observed after 12-month follow-up (eTable 5 in the Supplement). The risk of any bleeding was similar in patients with SAI or NAI between 2 treatment groups ( Table 3) .
Discussion
In this prespecified imaging substudy of the CHANCE trial, we found that infarction patterns could be used to efficiently stratify the risk of recurrent stroke within 3 months of noncardioembolic TIA or minor ischemic stroke. Approximately 50% of risk reduction for recurrent stroke was observed in patients with MAIs administered clopidogrel plus aspirin compared with those treated with aspirin alone, and this finding was not observed in patients with SAI or NAI. Meanwhile, no increased risk of moderate to severe bleeding was observed in each infarction pattern group. However, after dual antiplatelet treatment, patients with MAIs still had a risk of stroke recurrence as high as those with SAI. Imaging parameters have received attention as ways to predict recurrent stroke after TIA or ischemic stroke, 6, 9, 23, 26 and some studies suggest neuroimaging parameters may have better predictive value for stroke recurrence than clinical scores in patients with TIA or minor stroke.
26,27 TIA.org, a worldwide registry of TIA and minor stroke, showed that patients with MAIs have higher risk of stroke recurrence than those with SAI or NAI, indicating that acute infarction patterns based on MRI could be used to efficiently stratify the risk of recurrent stroke. In our study, we observed a similar association. Previous studies indicated that MAIs are usually related to LAA, cardioembolism, and cryptogenic disease according to the TOAST classification. 11, 12 Evidence exists that the pathogenesis of MAIs is likely caused by the embolism from heart or major extracranial or intracranial vessels. We found that patients with MAIs and NAI had higher rates of recurrent stroke at 3 months than those with noncardioembolic TIA or minor ischemic stroke, which was consistent with previous findings.
6 Most importantly, patients with MAIs received 
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Dual Antiplatelet Therapy in Transient Ischemic Attack and Minor Stroke the most pronounced clinical benefit from dual antiplatelet therapy in this study population; therefore, from a clinical practice point of view, our results suggest that patients with MAIs should receive early and dual antiplatelet treatment. Moreover, even if an absolute stroke risk reduction of 8.7% was observed after dual antiplatelet treatment, patients with MAIs had a similar risk of stroke at 3 months (10.1% in dual antiplatelet treatment groups) compared with those with SAI (8.9% and 8.5% in dual and single antiplatelet treatment groups, respectively) and had higher risk of stroke than patients with NAI (2.6% and 1.4% in dual and single antiplatelet treatment groups, respectively). Therefore, these findings indicated that MAIs may be a target for more intensive antithrombotic therapy in future studies. Analysis of the Triple Antiplatelets for Reducing Dependency After Ischaemic Stroke trial might help determine the overall safety and efficacy of short-term intensive antiplatelet therapy in the early phase after ischemic stroke or TIA, in comparison with treatment guidelines. 33, 34 Stroke mechanisms in patients with LAA (especially intracranial artery stenosis) could be occlusion of a single penetrating artery to produce a small subcortical lacuna-like infarction and an artery-to-artery embolism with MAIs. 32 Our data suggest that patients with specific stroke etiology (LAA) and specific stroke pathogenesis (artery-to-artery embolism) may be the sweet spot of dual antiplatelet treatment; this hypothesis should be confirmed in the further studies.
Limitations
The study has limitations. Only 45 of 119 sites participated in the imaging study, resulting in 1089 patients (21.1% of the CHANCE population) completing MRI scans and being included in the final analysis. Stroke recurrence occurred in 7.9% of patients in the clopidogrel plus aspirin group, as compared with 9.1% of those in the aspirin alone group, differing from results in the CHANCE study. Therefore, the findings from this imaging substudy may not be generalizable to the overall CHANCE population. Although patients with a presumed cardiac source of embolism were excluded, it was possible that some with cardioembolic TIA and minor ischemic stroke were included since long-term cardiac monitoring was not performed during hospitalization in this study; this would lead to TOAST misclassification. In addition, the Chinese population has an above-average frequency of CYP2C19 loss-of-function alleles 35 and intracranial atherosclerotic stenosis. 36 All patients in the CHANCE trial were Chinese, which may limit the generalizability of the findings to other populations. There may have been some TIA mimics in this study, which could lead to selection bias. a Adjusted for age, current or previous smoking, NIHSS score, medical history of TIA, medical history of myocardial infarction, medical history of congestive heart failure, time to randomization (hours), antihypertensive treatment and TOAST classification.
